平面液体シ-トの安定性に及ぼす粘性及び表面張力の温度依存性の影響 (非線形波動現象の数理とその応用) by 吉田, 拓也 & 吉永, 隆夫
Title平面液体シ-トの安定性に及ぼす粘性及び表面張力の温度依存性の影響 (非線形波動現象の数理とその応用)
Author(s)吉田, 拓也; 吉永, 隆夫










































1 , $x-z$ $d_{0}$ ,
$z=h_{\pm}$ , $T_{G1},$ $T_{G2}$ ,





$\sigma=$ $\sigma_{0}-\gamma(.T-T_{0})$ , (1)
$\mu$ $=\mu_{0}-\delta(T-T_{0})$ . (2)
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$T_{0}$ $(=[T_{G1}+T_{G2}]/2),$ $\sigma_{0}$ , $\gamma=$
$\mathrm{d}\sigma/\mathrm{d}T$ $(>0),$ $\mu_{0}$ , $\delta=\subset 1\mu/\mathrm{d}T$
$(>0)$ .
$d_{0}$ $T_{0}$ $\nu_{0}(=\mu_{0}/\rho)$ , $x,$ $z,$ $h$
$d_{0}$ , $t$ $d4/\nu_{0}$ , $u,$ $w$ $\nu_{0}/d_{0}$ , $p$ $\rho\nu_{0}^{2}/d_{0}$ , $T$ $T_{0}$ .
, (1), (2) :
$\Sigma$ $=$ $\mathrm{S}-\mathrm{M}(\Theta-1)$ , (3)
$\Gamma$ $=$ $1-\mathrm{G}$((-)–1). (4)
, $\ominus=T/T_{0}$ , $rightarrow\nabla=\sigma d_{0}/\rho\nu_{0}^{2}$ , $\Gamma=\mu/\mu_{0}$ ,




$=$ $-p_{x}+\Gamma(u_{xx}+u_{zz})-2\mathrm{G}\Theta_{x}u_{x}-\mathrm{G}\Theta_{z}(u_{z}+w_{x})$ , (5)
$w_{t}+uw_{x}+ww_{z}$








$=$ $0$ at $z=h+$ , (10)
$\Theta_{z}-\Theta_{x}h_{-x}-\mathrm{B}\mathrm{i}(1+h_{-x}^{2})^{\frac{1}{2}}(\Theta-\Theta_{G2})$ $=0$ at $z=h_{-}$ , (11)
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$2\Gamma h\pm x(w_{\vee}.-u_{x})+\Gamma(1-h_{\pm x}^{2})(w_{x}+u_{z})$
$=$ $\mp \mathrm{M}(1+l_{l}^{2})^{\frac{1}{2}}\pm x(\ominus_{x}+h_{\pm}x\Theta z)$ at $z=h\pm$ , (12)
$-p+2\Gamma(1+h_{\pm x}^{2})^{-1}[(1-h_{\pm x}^{2})w_{z}-h\pm x(u_{z}+w_{x})]$
$=$ $\pm\Sigma h\pm xx(1+h_{\pm x}^{2})^{-\frac{3}{2}}$ at $z=h_{\pm}.$ . (13.)
, $\mathrm{c}$ , $\lambda$ , $\alpha$ ,
$\mathrm{P}\mathrm{r}=\rho c\nu_{0}/\lambda$ , Bi $=\alpha d_{0}/\lambda$ .
2.2 ( )
, k(=2\pi / ), $\omega$
, :
$\omega=\sqrt{\frac{\sigma k^{3}}{\rho}\tanh\frac{kd_{0}}{2}}$ . (14.)
, $(k<<1)$ $\omega$ ,
$\omega\sim\sqrt{\frac{\sigma d_{0}}{2\rho}}k^{2}(1-\frac{k^{2}d_{0}^{2}}{24}+\cdots)$, (15)
, ,
$\exp[\mathrm{i}(kx-\omega t)]\sim\exp[\mathrm{i}(kx-\sqrt{\frac{\sigma d_{0}}{2\rho}}k^{2}t)]$ , (16)
.
, k\sim \epsilon (= / ) $<<1$ , $kx-\omega t$ $\mathrm{O}(1)$
(16)
$.x\sim k^{-1}.\sim\epsilon^{-1}$ , $t\sim\omega^{-1}\sim\epsilon^{-2}$ , (17)
, :
$\xi=\epsilon x$ , $\zeta=z$ , $\tau=\epsilon^{2}t$ . (18)
, $\mathrm{A}\mathrm{a}$ ,
, :
$U=\epsilon^{-1}u$ , $W=\epsilon^{-2}w$ , $P=\epsilon^{-2}p$ . (19)
, $u$ (15) v‘ $u\sim\omega/k\sim k\sim\epsilon$ .
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$1^{\backslash }-\lambda^{-}\mathrm{F}^{-}\mathrm{C}^{\theta}|\mathrm{f},$ $U,$ $W,$ $P,$ $\Theta,$ $h_{\pm}l^{\grave{\grave{\mathrm{r}}}}\epsilon^{2}\emptyset\wedge^{\backslash }\mathrm{g}\backslash -\mathrm{c}*\ovalbox{\tt\small REJECT} 5\ovalbox{\tt\small REJECT} \mathrm{b}\Gamma’.\dagger \mathrm{F}^{\prime\sim}’\nearrow \mathrm{C}^{\backslash }\backslash \ovalbox{\tt\small REJECT}\# o k\mathrm{b}\vee \mathrm{C}$ ,
( $U$, $\gamma$, $P,$ $\Theta,$ $h_{\pm}$ ) $=$ ( $U_{0}$ , $/^{r_{0}}$ , $P_{0},$ $\Theta_{0},$ $\pm\underline{.\frac{1}{7}}$ ) $+\epsilon^{2}(U_{1}, W_{1}, P_{1}, \Theta, {}_{1}H_{1\pm})+\cdots$ , (20)
. (5) $\sim(13)$ , $\overline{\epsilon}$ .





. , $C_{1}$ $\triangle\Theta=\ominus_{G1}-\Theta_{G2}$ $C_{1}=\mathrm{B}\mathrm{i}$ $\triangle\ominus/(2+$
Bi) . , $O(\epsilon^{2})$ :
$\ominus_{1}$ $=$ $C_{3}\zeta+C_{4}$ , (23)
$U_{1}$ $=$ $- \frac{D_{5}}{\mathrm{G}C_{1}}\ln(1-\mathrm{G}C_{1}\zeta)+D_{6}$ , (24)
$W_{1}$ $=$ $- \frac{D_{5\xi}}{\mathrm{G}C_{1}}[\frac{1-\mathrm{G}C_{1}\zeta}{\mathrm{G}C_{1}}\ln(1-\mathrm{G}C_{1})+\zeta]-D_{6\xi}\zeta+D_{7}$ , (25)
$P_{1}$ $=$ $-D_{5\xi}\zeta-2\mathrm{G}C_{1}W_{1}+D_{8}$ . (26)
, $C_{3},$ $C_{4},$ $D_{5},$ $D_{7},$ $D_{8}$ $\xi,$ $\tau$ :


























, $b,$ $\eta,$ $D_{6}$ ,
$\eta,$
$b,$ $D_{6}\alpha\exp(\omega\tau+ik\xi)$ , (30)
. , $\omega$ $(\omega=\omega_{f}+\mathrm{i}\omega\dot{.}),$ $k$ .
(30) (27),(28),(29) :
$\omega=-2k^{2}+k^{2}\sqrt{4-4A_{2}+A_{1}}$ . (31)
, $A_{1},$ $A_{2}$ ,
$A_{1}$ $=$ $- \frac{\mathrm{S}}{2}+\frac{\mathrm{M}^{2}\mathrm{B}\mathrm{i}(\mathrm{B}\mathrm{i}-2)(\mathrm{B}\mathrm{i}+4)\triangle\ominus^{2}}{8\mathrm{S}(2+\mathrm{B}\mathrm{i})^{3}}+\frac{\mathrm{M}^{2}\mathrm{P}\mathrm{r}\mathrm{B}\mathrm{i}\triangle\Theta^{2}}{12(2+\mathrm{B}\mathrm{i})^{3}}-\frac{\mathrm{M}\mathrm{G}C_{1}\mathrm{B}\mathrm{i}\triangle\Theta}{6(2+\mathrm{B}\mathrm{i})^{2}}(32)$
$A_{2}$ $=$ $\frac{\mathrm{M}\mathrm{G}C_{1}\mathrm{B}\mathrm{i}\triangle\Theta}{24(2+\mathrm{B}\mathrm{i})^{2}}$ ,
.
(31) $\}$ , r $=0$ $\triangle\ominus$ $\triangle\ominus_{c}(\geq 0)$ ,
$\triangle\Theta_{c}=$ (33)
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. , (31) $4-44_{2}+\mathrm{A}_{\mathrm{t}}\ovalbox{\tt\small REJECT} 0$ ,
$(\omega_{\ovalbox{\tt\small REJECT}}\neq 0)$ $(\omega_{\ovalbox{\tt\small REJECT}}\ovalbox{\tt\small REJECT} 0)$ . $\omega_{7}\ovalbox{\tt\small REJECT}\circ$ $\ovalbox{\tt\small REJECT} 0$
$\Delta 0_{8}$ ,
$\triangle\ominus_{s}=$ (34)
. , $\triangle\ominus_{c}\geq\triangle\ominus_{s}\geq 0$ , $\mathrm{S}=8$ $\triangle\Theta_{s}=0$
.
, $\mathrm{G}=0$ 09 $\mathrm{P}\mathrm{r}=1,$ $\mathrm{M}=20$ $\mathrm{B}\mathrm{i}-\triangle\ominus$ ,





2. \Delta \Theta $\triangle\Theta_{s}$ ; $(\mathrm{a})\mathrm{P}\mathrm{r}=1,\mathrm{M}=20,\mathrm{S}=8.5,$ $(\mathrm{b})\mathrm{P}\mathrm{r}=1,\mathrm{M}=20,\mathrm{S}=3$.
$2(\mathrm{a})$ $(\mathrm{S}> 8)$ , $\triangle\Theta$ $<$ $\triangle\ominus_{s}$ $(\omega_{f} < 0, \omega_{i} \neq 0)$ ,
$\triangle\Theta_{s}<\triangle\Theta<$ \Delta \Theta $(\omega_{f}<0,\omega_{i}=0),$ $\triangle\Theta>\triangle\ominus_{c}$
$(\omega_{r}>0,\omega_{i}=0)$ . $-\text{ }$ , $2(\mathrm{b})$ $(\mathrm{S}<8)$ ,
$\mathrm{B}\mathrm{i}<1.7$ $\triangle\Theta>\triangle\Theta_{s}$ , $\triangle\Theta<\triangle\Theta_{s}$ ,
$\mathrm{B}\mathrm{i}>1.7$ , $\triangle\Theta>\triangle\Theta_{c}$ , \Delta \Theta <\Delta \Theta
. , $\triangle\Theta_{c},$ $\triangle\Theta_{s}$ ,





(5) $\sim(13)$ . ,
, (5), (6), (8) $\Gammaarrow\epsilon\Gamma=$




$\omega=\sqrt{\frac{\sigma k^{3}}{\rho}\coth\frac{kd_{0}}{2}}$ . (35)
$(k\ll 1)$ , $v_{a}=\sqrt{2\sigma/\rho d_{0}}$ ,
$\omega\sim v_{a}k(1+\frac{k^{2}}{24}+\cdots)$ (36)
. ,
$\exp[\mathrm{i}(kx-\omega t)]\sim\exp[\mathrm{i}k(x-v_{a}t)-\mathrm{i}\frac{k^{3}}{24}v_{a}t]$ , (37)
, $k\sim\epsilon$ ,
$(x-v_{a}t)\sim\epsilon^{-1}$ , $t\sim\epsilon^{-3}$ . (38)
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, :
$\xi=\epsilon(x-\sqrt{2S}t)$ , $\zeta=z$ , $\tau=\epsilon^{3}t$ . (39)
, ,,a $=\sqrt{2_{\llcorner}^{\gamma}\mathrm{b}}$‘ .
, :
$U^{\cdot}=u$ , $W=\epsilon^{-1}w$ , $P=\epsilon^{-2}p$ . (40)
$U,$ $W,$ $P,$ $\Theta$ , $\eta$ , $d$ $\epsilon^{2}$
$(U, W, P, \Theta, \eta, d)=(U0, W0, P0, \ominus 0, \eta 0,1)+\epsilon^{2}(U_{1}, W_{1}, P_{1}, \ominus_{1}, \eta_{1}, d_{1})+\cdots$ , (41)
, $h_{\pm}$ $\eta$ , $d$
$h_{\pm}= \eta_{0}\pm\frac{1}{2}+\epsilon^{2}(\eta_{1}\pm\frac{d_{1}}{2})+\epsilon^{4}(\eta_{2}\pm\frac{d_{2}}{2})+\cdots$ (42)
. (5) $\sim(13)$ , $\epsilon$
.
, 0 $U_{0}=0$ ,
:
$W_{0}$ $=$ $-\sqrt{2S}\eta_{0\xi}$ , (43)
$\ominus_{0}$ $=$ $C_{1}.(\zeta-\eta_{0})+1$ , (44)
$P_{0}$ $=$ $-2S \eta 0\xi\xi(\zeta-\eta 0)+\frac{\mathrm{M}C_{1}}{2}\eta 0\xi\xi$ . (45)
(46)
,Cl $=\mathrm{B}\mathrm{i}$ $\triangle\Theta/(2+\mathrm{B}\mathrm{i})$ . , $O(\epsilon^{2})$ :
$\ovalbox{\tt\small REJECT}$ $=$ $B_{0}+B_{1}(\zeta-\eta_{0})+B_{2}(\zeta-\eta_{0})^{2}$ , (47)
$W_{1}$ $=$ $E_{0}+E_{1}(\zeta-\eta_{0})+E_{2}(\zeta-\eta_{0})^{2}+E_{3}(\zeta-\eta_{0})^{3}$ , (48)
$\Theta_{1}$ $=$ $C_{2}+C_{3}(\zeta-\eta_{0})+C_{4}(\zeta-\eta_{0})^{2}$ , (49)
$P_{1}$ $=$ $F_{0}+F_{1}(\zeta-\eta_{0})+F_{2}(\zeta-\eta_{0})^{2}+F_{3}(\zeta-\eta_{0})^{3}+F_{4}(\zeta-\eta_{0})^{4}$ . (50)
, $\psi=4\mathrm{M}c_{/_{1}}/\mathrm{B}\mathrm{i}[4-(\mathrm{G}C_{1})^{2}]$ (47) ,
$B_{0}= \frac{\sqrt{2\mathrm{S}}}{2}\eta_{0\xi^{2}}+‘\frac{\mathrm{M}C_{1}}{2\sqrt{2\mathrm{S}}}\eta_{0\xi\xi}$ , $B_{1}=\sqrt{2\mathrm{S}}\eta_{0\xi\xi}+\psi\eta_{0\xi}\eta_{0\xi\xi}$ , $B_{2}= \frac{\mathrm{G}C_{1}}{\mathit{2}}‘\psi\eta_{0\xi}\eta_{0\xi\xi}$ ,
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(48) ,
$E_{0}$ $=$ $-\sqrt{2\mathrm{S}}\eta_{1\xi}+\eta_{0_{\tau}+\frac{\sqrt{\underline{9}\mathrm{S}}}{\underline{)}}\eta_{0\xi}^{3}+\frac{\sqrt{2\mathrm{S}}}{8}\eta_{0\xi\xi\xi}+\frac{\mathrm{M}C_{1}}{2\sqrt{2\mathrm{S}}}\uparrow|0\xi\eta 0\epsilon\epsilon+\frac{\psi}{8}(\eta_{0\xi\xi}^{2}+\eta_{0\xi}\uparrow|0\xi\xi\xi}‘)$ ,
$E_{1}$ $=$ $- \frac{\mathrm{M}C_{1}}{2\sqrt{2\mathrm{S}}}.\eta_{0\xi\xi\xi}+\psi_{\eta_{0\xi\xi}\uparrow l0\xi^{2}}$ ,
$E_{2}$ $=$
$- \frac{\sqrt{2\mathrm{S}}}{2}\eta_{0\xi\xi\xi}+\frac{\mathrm{G}C_{1}\prime}{2}\psi\eta_{0\xi\xi}\eta_{0\xi^{2}}\frac{\psi}{2}(\eta_{0\xi\xi}^{2}+\eta_{0\xi}\eta_{0\xi\xi\xi})$ ,
E3 $=$ $- \frac{\mathrm{G}C_{1}}{6}\psi(\eta_{0\xi\xi}^{2}+r_{l0\xi}\eta_{0\xi\xi\xi})$ .
(49) ,
$C_{2}$ $=$ $-C_{1} \eta_{1}-\frac{C_{1}}{8}\eta_{0\xi\xi}$ ,
$C_{3}$. $=$ $-C_{1}d_{1}- \frac{C_{1}}{\mathrm{B}\mathrm{i}}\eta_{0\xi}^{2}$ ,
$C_{4}$ $=$ $\frac{C_{1}}{2}\eta_{0\xi\xi}$ .
(50) ,
$F_{0}$ $=$ 2 $\mathrm{S}\eta_{1}\eta_{0\xi\xi}+\frac{\mathrm{M}C_{1}}{2}\eta_{1\xi\xi}-\frac{3\mathrm{S}}{4}\eta_{0\xi\xi}^{2}-\frac{\mathrm{S}}{2}\eta_{0\xi}\eta_{0\xi\xi\xi}-\mathrm{M}C_{1}(\frac{3}{4}+\frac{1}{2\mathrm{B}\mathrm{i}})\eta_{0\xi\xi}\eta_{0\xi^{2}}$
$\frac{\mathrm{M}C_{1}}{16}\eta_{0\xi\xi\xi\xi}-\frac{\mathrm{M}C_{1}}{\sqrt{2\mathrm{S}}}\eta_{0\xi\xi\xi}+\psi[-\frac{3\sqrt{2\mathrm{S}}}{8}\eta 0\xi\eta_{0\xi\xi}^{2}-\frac{\sqrt{2\mathrm{S}}}{8}\eta 0\xi\xi\xi\eta 0\epsilon^{2}$
$+$ $\mathrm{G}C_{1}\{-\frac{3\sqrt{2\mathrm{S}}}{128}\}\eta_{0\xi\xi}\eta_{0\xi\xi\xi}-\frac{\sqrt{2\mathrm{S}}}{128}\eta_{0\xi}\eta_{0\xi\xi\xi\xi}+\frac{3}{4}\eta_{0\xi\xi}^{2}+\frac{3}{4}\eta_{0\xi}\eta_{0\xi\xi\xi}-(\mathrm{G}C_{1})^{2}\eta_{0\xi}^{2}\eta_{0\xi\xi]}$,
$F_{1}$ $=$ -2 $\mathrm{S}\eta 1\epsilon\epsilon+2\sqrt{2\mathrm{S}}\eta_{0\xi\tau}+4\mathrm{S}\eta_{0\xi^{2}}\eta 0\xi\xi+\frac{\mathrm{S}}{4}\eta 0\xi\xi\xi\xi-2\sqrt{2\mathrm{S}}\eta_{0\xi\xi\xi}+\frac{\mathrm{M}C_{1}}{2}\eta_{0\xi}\eta_{0\xi\xi\xi}$
$+$ $\mathrm{M}C_{1}\eta_{0\xi\xi}^{2}+\frac{\mathrm{M}\mathrm{G}C_{1}^{2}}{\sqrt{2\mathrm{S}}}\eta_{0\xi\xi\xi}+\psi[\frac{3\sqrt{2\mathrm{S}}}{8}\eta_{0\xi\xi}\eta 0\epsilon\epsilon\epsilon+\frac{\sqrt{2\mathrm{S}}}{8}\eta_{0\xi}\eta 0\xi\xi\xi\xi-\eta_{0\xi\xi}^{2}-\eta_{0\xi}\eta_{0\xi\xi\xi]}$ ,
$F_{2}$ $=$ $\mathrm{S}\eta_{0\xi\xi}^{2}-\frac{\mathrm{M}C_{1}}{4}\eta 0\epsilon\epsilon\epsilon\epsilon+2\sqrt{2\mathrm{S}}\mathrm{G}C_{1}\eta_{0\xi\xi\xi}$
$+$ $\psi[\frac{3\sqrt{2\mathrm{S}}}{2}\eta 0\epsilon\eta_{0\xi\xi}^{2}+\frac{\sqrt{2\mathrm{S}}}{2}\eta_{0\xi}^{2}\eta_{0\xi\xi\xi}+\mathrm{G}C_{1}\{\eta_{0\xi\xi}^{2}+\eta_{0\xi}\eta 0\xi\xi\xi\}-(\mathrm{G}C_{1})^{2}\eta_{0\xi}^{2}\eta_{0\xi\xi]}$ ,
$F_{3}$ $=$
$- \frac{S}{3}\eta_{0\xi\xi\xi\xi}+\frac{\sqrt{2\mathrm{S}}}{6}\psi[_{-3\eta_{0\xi\xi}\eta_{0\xi\xi\xi}-\eta_{0\xi}\eta 0\xi\xi\xi\xi}+\mathrm{G}C_{1}\{3\eta_{0\xi}\eta_{0\xi\xi}^{2}+\eta_{0\xi}^{2}\eta_{0\xi\xi\xi}\}$
$+$ $\frac{4}{3}(\mathrm{G}C_{1})^{2}\{\eta_{0\xi\xi}^{2}+\eta_{0\xi}\eta 0\xi\xi\xi\}]$ ,
$F_{4}$ $=$ $- \frac{\sqrt{2\mathrm{S}}\mathrm{G}C_{1}}{24}\psi(3\eta 0\xi\xi\eta_{0\xi\xi\xi}+\eta_{0\xi}\eta 0\xi\xi\xi\xi)$ ,
. , $d_{1}$ $\eta_{0}$ $\psi$
$d_{1}= \frac{1}{2}\eta_{0\xi}^{2}+\frac{\mathrm{M}C_{1}}{4S}\eta_{0\xi\xi}+\frac{\mathrm{C}_{\mathrm{I}}C_{1}}{24\sqrt{2\mathrm{S}}}\psi\eta_{0\xi}\eta_{0\xi\xi}$ , (51)
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, $\eta_{0}$ :
$\eta_{0\tau}$ $=$ $[- \frac{\sqrt{2\mathrm{S}}}{24}+\frac{(\mathrm{M}C_{1}’)^{2}}{16\mathrm{S}\sqrt{\underline{9}\mathrm{S}}}]\eta_{0\xi\xi\xi}-\frac{\psi}{2\sqrt{2\mathrm{S}}}[1-\frac{(\mathrm{G}’C_{1}’\prime)^{2}}{12}.\cdot]\eta_{0\xi}\uparrow 70\xi\xi$
$+$ $\psi(-\frac{1}{24}+\frac{\mathrm{M}\mathrm{C}_{\mathrm{J}}C_{1}^{2}\prime}{192\mathrm{S},-}‘)(\eta_{0\xi\xi}^{2}+\eta_{0\xi}\eta_{0\xi\xi\xi})-\frac{\psi \mathrm{G}C_{1}\prime}{48}\eta_{0\xi}^{2}\eta_{0\xi\xi}$. (52)
.
3.2
$\eta_{0}(\xi, 0)$ $=$ $\cos\xi$ ,
$\mathrm{B}\mathrm{i}=3,\mathrm{S}=10,\mathrm{M}=40$ (52) $\triangle\Theta$ $\mathrm{G}$
. , 5
.
$(\triangle\Theta=0)$ , $\psi,$ $C_{1}=0$ (52)
$\eta 0_{\mathcal{T}}+\frac{\sqrt{2\mathrm{S}}}{24}\eta\xi\xi\xi=0$ (53)
. , (52), (53) , ,
.
$\triangle\Theta=0.44$ $\mathrm{G}=0$ , 4 ,
.
$\mathrm{G}$ , 5 $[]’\llcorner\tau=250$ $(\mathrm{a})\mathrm{G}=0,(\mathrm{b})0.5,(\mathrm{c})1.0$
. , $\mathrm{G}$
.
$-\text{ }$ , $\triangle\ominus=0.5,$ $\mathrm{G}=0$ , 6 ,
. , $\tau=6.0$ $\mathrm{G}$ ,
7 $(\mathrm{a})\mathrm{G}=0,$ $(\mathrm{b})0.5,$ $(\mathrm{c})1.\mathrm{O}$ . $\mathrm{G}$
, .













———– $\cdot$ $\cdot- - ----\cdot-$ $\sim-_{-}-\cdot---\cdot----$
$.|$
$.\prime 5$
















$7.\triangle\Theta=0.5(\tau=6);(\mathrm{a})\mathrm{G}=0,$ $(\mathrm{b})\mathrm{G}=0.5,$ $(\mathrm{c})\mathrm{G}=1.0$ .
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\Delta \ominus , .
(ii) , . –
, (Bi$=3,$ $\mathrm{S}=10,$ $\mathrm{M}=40$
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